1Y K2 7EY R FRHEY Scurrula atropurpurea DILF KIS
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Chemical Study on the Parasitic Plant Scurrula atropurpurea (Loranthaceae),
an Indonesian Medicinal Plant '

Hendig Winarno, Kazuyoshi Ohashi, Hirotaka Shibuya

ABSTRACT

Six fatty acids (1-6), two xanthines (7, 8), two flavonol glycosides (9,
10), one monoterpene glucoside (11), one lignan glycoside (12), and four
flavanes (13-16) were clarified by a bioassay-guided separation as chemical
- constituents of Scurrula atropurpurea (Loranthaceae), a parasitic plant
of the tea plant Thea sinensis (Theaceae). Among these constituents, it
was found that the alkynic fatty acid octadeca-8,10,12-triynoic acid (6)
exhibits a more potent inhibitory effect on cancer cell invasion in vitro
than flavanes [(+)-catechin (13), (-)-epicatechin (14), (-)-epicatechin-3-

O-gallate (15) and (-)-epigallocatechin-3-O-gallate (16)]. e
Furthermore, five C16-alkynic fatty acids were prepared and examined
their inhibitory effects on cancer cell invasion. It has been found that
hexadeca-6,8,10-triynoic acid (22) and hexadeca-8,10,12- triynoic acid
(23) exhibite similar potent inhibitory activities with octadeca-8,10,12-

triynoic acid (6) which was isolated from Scurrula atropurpurea.
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LI .

¥ K7 (Loranthaceae) Mg, SR INRBIC AT L. THEHURE O EMY) (host
plant) [ZF4£ S 24 (parasitic plant) T, #EFREMTESERAEDEL THOOh TNV,

FHRIZBNWTH, ¥ RUF (Viscum album L. var. lutescens MAKINO) MEME & U THE
WRERICHNSNTNS, V '

—7, -0y BN TE, HE<n5tA 3TV RUF (Viscum album L) A%, #Ez D
BROEBFEICANONTERY, RIEOTERRCEENRELE-> TS, LMLEMNS, £
BREAEHF PR RN SEICH T 2REHRSBDO SN TNDITHH ST, ZOEMAEF
DOWTIRRIEARHZZANE N, 29

ZIT, 4/F*/?TEW@%%REwﬁﬁkﬁhthm%VFU*ﬂﬁ%SwnMa
ammwmmm®mDM&@%%$¢%EK@%EE%\%wkiﬁﬂnﬁfﬁbko

1. Scurrula atropurpurea DL K

Scurrula atropurpurea (BL) DANS. &, 1 2 REX3 7, V¥ VB BIYIM-ToF vy
7 I TRIEZ TV BKOK (Thea sinensis L, Y/NFR) KHET 57 RUXRHEN T, B
#T "benalu teh" MHEN, REEE L TEOBBECHVSATVS,

= 1. EHERE ,

INET. BAORAEDCHOR V-2 VEBRE L T, MEMEEETRR BH
HEREEEERR. DNANRA Y AS—VHEEERR, RUF 2 —-7V CHERERR
ENRERDBOTH o7z, FHATIE. KRFZRAR L > 5 —HEFROK HiE HELIERE
Le®/ LAY —BEETINVR?Y IC & 2EMRIEMEEE 1 2 5#RIC Scurrula atropurpurea
DILFHI R ZED .

ARABIE, m@ﬁﬁﬁﬁmk&éﬁﬂ@@ﬁi%@EN®&ﬁéﬁ@?6%@T AR
BRERS EMEORBEL LT/ L1 v— LT, Ty MEAEMR (AHMR) zHEEHESE
U, —EREHICE XMEREREE> THPE TICE 0 AAFEMRE 2 HEEME T ICRE
T5H0TH%. (Fig. 1)

28, BEEHOK, AF¥ =)L, ROT7 0% 7t o P388 AimyEHiALlz 3 54
fEEEIED S =,
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W host cells

IOV (mesothelial-cell monolayers, MCL)

U

added a sample in DMSO

y

added MM cancer cells, 2 x 10° cells
(rat ascites hepatoma AH130 cells) .

I

added 25 pum 1-oleoyl-lisophosphatidic acid (LPA)

{

cancer cells adhered to. the MCL

started an invasion
- penetrated the MCL

U

removed a medium and cancer cells

Y

~ added formalin -

Y

counted the number of invasion foci
under a phase-contrast microscope

The activity was valued as an inhibitory rate
(%) calculated from the number of invasion
foci (comparing a blank test)

Fig. 1: Bioassay Procedure (a cell monolayer invasion model)
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1 — 2. Scurrula atropurpurea QiR U5 EOEWEY

Scurrula atropurpurea®¥ D 7 0 % 7t b Y EBREENLSINEISX%) %, EFET
FINROKZEDBERSEZRITO, EEEETFIUBTH ZB2ENS 2.1%) RUKBTHE (&
BEENS 74%) ERBL. |

RIZ, 7 0% 7t b MR E 2 BOBEBTRIC O W UBMRRMESEERRET
TEZA, FNFN10 ng/mIOBET. 70% 7t b iz 324% OBEEFEMELN. B
IFVBITHIC67.3% OHEFEML, £KBITHIC246% DHEEEENBDO N, £OD
Z &5, Scurrula atropurpurea X &8 Ih S BMAREHEEEEYEIZ. LU TEHRET
FNBTHICEN TN TS SHBF L7z, |

The dried Scurrula atropurpurea

- 1) extracted with 70% aq. acetone
2) evap. in vacuo '

70% aq. acetone extract (9.5%) (32.4%

partitioned into EtOAc and H,O

EtOAc-soluble portion (2.1%)  H,O-soluble portion (7.4%)

67.3% 24.6%)
Si0, column

' ' ' |

Fr-1 (0.20%) Fr-2 (0.29%)  Fr-3(0.72%) Fr-4 (0.50%)

Fig. 2: Separation Procedure Guided by Inhibitory Effects on Cancer Cell Invasion:
(Q inhibitory rate at 10 pg/ml ;

ZITRIC. BFBIFVBTRZ, SUNSNVASLZOR NI 5T 1 —THEL T, Frl
(hexane:EtOAc= 10:1 IEHE. 0.20%). Fr-2 (CHCl;MeOH= 10:1 IEHES. 0.29%).. Fr-3
(CHCIzMeOH:H,O= 7:3:1 T /& /AHEE. 0.72%) KU Fr-4 (MeOHAHER. 0.50%) D4
DOEEAML. 2h 5> OBEMRSEEEEEEZRN L& 25, 10ne/mIBE TFr-212824
%D, £7=Fr-3i12532% DEFEFFESENBER SN, 1B, MOFEICDWTIE, FUL 1008/
mIBET, Fr4iZ171% OFWEBHEEEESBER SN AZBOD. Fr-1 iiZ2<EHIIED
SR, ;

U EDEMNS, Scurrula atropurpurea # DEMARREREWEIL. &L TFr-2 XU Fr-
BICEAEINTVNSZ EMNHBAL -,

_16_



1 — 3. Scurrula atropurpurea @8 K5 O E#ER UL FEE

Scurrula atropurpurea # OEMAREEENEIX. 7 0% 7 & M CHIEYOERIT IS
TP OR/RONBFr2RUFr3CEL L TERINTULZENHLSNE R DI ENS W
7503 aDEREMRS DEBERVUEN DS DILERERT 21To 7.

FTFr2i0onTRE, JEHREEREI O 8757 ¢+ — (LAFHPLC & 4HE) THRBER
LT. 68D C,, AEFIIENIEE [(2)-9-octadecenoic acid (1, B MM S 0.0171%),9 (Z,2)-
octadeca-9,12-dienoic acid (2, 0.0041%),% (ZZ.Z)-octadeca-9,12,15-trienoic acid (8, 0.0063%),>
octadeca-8,10-diynoic acid (4, 0.0042%),5” (2)-octadec-12-ene-8,10-diynoic acid (5, 0.0082%),5?
octadeca-8,10,12-triynoic acid (6, 0.0170%)%9)] % Bt L 7.

— Fr-1 — Fatty acids
(Z)-9-octadecenoic acid (1, 0.0171%)
(Z,Z)-octadeca-9,12-dienoic acid (2, 0.0041%)
LT (Z,Z,Z)-octadeca-9,12,15-trienoic acid (3, 0.0063%)

(normal phase) octadeca-8,10-diynoic acid (4, 0.0042%)
(Z)-octadec-12-ene-8,10-diynoic acid (5, 0.0082%)
octadeca-8,10,12-triynoic acid (6, 0.017%)

EtOAc-Soluble

Portion o — Xanthines y
o theobromine (7, 0.0006%) :
caffeine (8, 0.0103%)

$iO, column —> Flavonol glycosides
’ quercitrin (9, 0.020%)
Fr-3 rutin (10, 0.0051%)

53.2% )2+ HPLC h/ — Monoterpene glucoside
(reverse phase) | ;.ariside B2 (11, 0.0051%)

1. MCI Gel

—> Lignan glycoside
aviculin (12, 0.0048%)
—» Flavanes
(+)-catechin (13, 0.0106%)
- (-)-epicatechin (14, 0.0001%)

—Fr-4 (-)-epicatechin-3-O-gallate (15, 0.0006%)
17.1% (-)-epigallocatechin-3-O-gallate (16, 0.0016%)

Fig. 3: Separation of Chemical Constituents of Scurrula atropurpurea:
(Qinhibitory rate at 10 pg/ml

—7%. Fr-313, ¥HRR—-IXRY =&)L (MCIGEL CHP20P) #5470 LTS5
74 —RUHHRHPLC 2 AWTHERERIL T, 28OFY > F > [theobromine (7, &5
P 5 0.0006%),'910 caffeine (8, 0.0103%)'12], 28D 7 TR/ —I)VEckE# [quercitrin (9,
0.0202%)"34, rutin (10, 0.0051%)'319), 1 DT/ 7 )L > EEEK [icariside B, (11, 0.0051%)'%],

1 DY ZF >V EREEE [aviculin (12, 0.0048%)17], KU 4D 7 5 )\ [(+)-catechin (13,
0.0106%),i5'18’2]) (-)-epicatechin (14, 0.0001%),'315192D (-)-epicatechin-3-O-gallate (15, 0.0006%),'%2V
(->-epigallocatechin-3-O-gallate (16, 0.0016%)'*2V] iz 73RS N /z.
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CNSHBELZEEMDILEBEIIDONVTIE, UTOXDicHEREL .

L&YW, 2RU31T. ZNSOYELPHT—F 2EEERELETH I LITXD, #hE
N(2Z)-9-octadecenoic acid (1, oleic acid). (Z,2)-octadeca-9,12-dienoic acid (2, linoleic acid)
R’ (ZZ2Z)-octadeca-9,12,15-trienoic acid (3, linolenic acid) Tdh % Z & R L /=,

&% 413, Bittman 5 ? IZ& > TARK I N1/z octadeca-8,10-diynoic acid TH 5 Z & %,
BB O R BB ENT - TR 2 LI VR L -, 2B, octadeca-8,10-
diynoic acid (4) i&. S EI#D TKAN S BEERE SN MEWTH 5.

NANAAVANANCOOH N
N
(2)-9-octadecenoic acid (1) doca. 10divnoi .dC:JOH
(oleic acid) octadeca-8,10-diynoic acid (4)
) . -
ANV AANCOOH <

¥ COOH

(Z,Z)-octadeca-9,12-dienoic acid (2) L.
(2)-octadec-12-ene-8,10-diynoic acid (5)

(linoleic acid)

VTV TNANACOH
N
(Z.Z,Z)-octadeca-9,12,15-trienoic acid (3) COOH

(linolenic acid) _ octadeca-8,10,12-triynoic acid (6)
Fig. 4: Fatty Acids Isolated from Scurrula atropurpurea

{t&®5 kU613, rofrno )/ F# (Olacaceae) Wi D Heisteria acuminata (HUMB. &
BONPL.) ENGL.%» 5 Wagner 59 12 & > THE#REI N TS (Z)—ocfadec—l 2-en-8,10-diynoic
acid &k octadeca-8,10,12-triynoic acid T3 & &A%, XHREERO & EYE/ L¥EHT—5 &
H# LTS T3 o 72

L& T KU, Th 5 OWELENT — 4 2 EHEREHET S 2810 k>T, ThE
i theobromine K& U\ caffeine Th 5 Z & B R L /=,

&M 93, MUY RUFRHEM TH S Loranthus kaoi (CHa0) KIU 25 Lin 5 1912 &
THEREIN TV quercitrin T 5 Z 25, ZOWBLFHT — % % XEME & st L T
Rl 7,

L&Y 1013, EFEMEHEL Trutin QAL 2.

LEWMI1IT. TOYBENT —F 2 XEME S BT 5 2 &ICL D, BB EED TAF
# (Berberidaceae) ##) Epimedium grandiflorum (MI1Q.) NAKAI 0 5 BEERE SN TV B E
J 5 BgE icariside B,'® TH 5 Z & AMHIBAL 72, '

LEWI2ITDNTH, ZOYEMENT —F 2 XEE S B L T, BHEEEZ 2D TY TR
(Polygonaceae) ##) Polygonum aviculare L. 5 BEREI N T WD U 7 F S EHEEK
aviculin'” Th 2 Z EHHBAL 7=,
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N
A
0”"N" N :
CHs OH O
theobromine (7) : R=H quercitrin (9) : R=.rhamnosyl
caffeine (8) : R=CH, rutin (10) : R= rutinosyl

O
HO «n, ~O-rha
l OCHjs

OH

aviculin (12)

icariside B, (11)

Fig. 5: Xanthines, Flavonol Glycosides, Monoterpene Glucoside
and Lignan Glycoside Isolated from Scurrula atropurpurea

L&Y 13, 14, 15 KU 16 @7 I )N &I, E?%%;%&%IE{E%E’J?‘——& 2HEBEL T, Fh
FNHEHEE 23 % T(+)-catechin, (-)-epicatechin, (-)-epicatechin-3-O-gallate KT~ (-)-
epigallocatechin- 3-O-gallate TH 5 Z EAVHBAL /=,

R Ri
. H O W
HO O o °©/\J‘ OH
OH ‘OR,
OH OH
‘ (-)-epicatechin (14) : R|=H,R,=H
(-)-epicatechin-3-O-gallate (15) :
R;=H, Ry= galloyl
(-)-epigallocatechin 3-O-gallate (16) :
R;= OH, Ry= galloyl
(-)>-epigallocatechin (18) : R,=OH, R,=H

(+)-catechin (13) : R=H
(+)-gallocatechin (17) : R= OH

Fig. 6: Flavanes Isolated from Scurrula.atropurpurea and Thea sinensis

BAE. Scurrula atropurpurea £ED 7 0 % 7k b HHSIN S, 51 6 BOSHRD 2 H
BEL 7=, |

Z Z°T. FYF ¥ [theobromine (7), caffeine (8)] kU7 /N B D 3 (rkEEEIZH
o1 I ESEES LT 7 5\ 2 [(-)-epicatechin-3-O-gallate (15), (-)-epigallocatechin-3-O-gallate
(16)] 1. YRUFREGMSHOTHBINZFATHD, THENEEENTHHEDAK
(Thea sinensis) DREMBEERFT THB I LEZEZRDLED L, EWEGTH RN S R
BRIRWERTH D EEZ D, ’
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1 — 4. Scurrula atropurpurea D8 X#8¥) Thea sinensis DEH K57

Scurrula atropurpurea DEERF E U THRBELE 1 6 EOLEHD OB, 2BOF Y F
CERUVABO T INER. TOBEEWMTH DR DA (Thea sinensis) DFFERHFTELT
HONTWBEEMTHDIEMNS, RIT, AV RRIT, ToFr v ZRTREINTVWS
KORDEH S % Scurrula atropurpurea DENEHBT B E & L,

ZRDAK (Thea sinensis) D7 0 % 7 kY GREMHSNE10%) 2. HFELT
VEVKIC & BIRATE T\, BETF VT GRS 5 2.2%) RUKBITH ik
W5 7.7%) 2Bk, KIS, BRIFVBTHE. VAN IO N 5T 4 —THE
95 Ei2&D, Fril (hexaneEtOAc= 10:1 iAHER. 0.18%). Fr-II (CHCl,:MeOH= 10:1 ¥&
HEB. 0.28%), FrIll (CHCl;MeOH:H,O= 7:3:1 T/ iAHE. 1.0%). RUFrIV (MeOHE
HER, 0.65%) DAHEDEZRAYL /. _

RIZFrilZ2)EHRZRHPLCIZ L D BRI L T, 4 BOC, FRMIENE [(2)-9-octadecenoic
acid (1, 0.0004%), (Z,Z)-octadeca-g,lz-dienoié:acid (2, 0.0011%), (ZZZ)»octadeca-9,12,15-
trienoic acid (3, 0.0010%), kT (Z)-octadec-12-ene-8,10-diynoic acid (5, 0.0030%)] % Bifk
UJ=#%%, Scurrula atropurpurea \Z&B 3T\ octadeca-8,10-diynoic acid (4) R
octadeca-8,10,12-triynoic acid (6) iZ#H I iz o 7=, _

—%, Frllid, ¥HRR—7ARY<—E5 ) (MCIGEL CHP20P) 7uvx /574 —
RUEHRAHPLC THEHERL, 2HOFY > F > [theobromine (7, 0.0090%), caffeine (8,
0.0180%)] XTr 6 FED 7 S )\ > [(+)-catechin (13, 0.0001%), (-)-epicatechin (14, 0.0200%), (-)
-epicatechin-3-O-gallate (15, 0.1606%), (-)-epigallocatechin-3-O-gallate (16, 0.6380%), (+)-
gallocatechin (17, 0.0004%),'*2V (-)-epigallocatechin (18, 0.0017%)'92V] % gL /=,

oleic acid (1) L octadeca-8-10-diynoic acid (4)
linoleic acid (2) / octadec-12-ene-8,10-diynoic acid (5)

Fr-2 of S. atropurpurea octadeca-8,10,12-triynoic acid (6)

linolenic acid (3)

J T T

,,,_
-
o

T edll
e ¥}

P20 125 30 35
' ]
N [l
Fr-1II of T. sinensis i :
: :
T T T T T y y
5 10 15 20 25 30 35
time (min)

Fig. 7: HPLC Chromatograms of Fr-2 (S, atropurpurea) and Fr-II (7. sinensis)
HPLC conditions: Wakosil 5 SIL 250 x 20 mm, r.t., r-hexane:EtOAc= 5:1, 8.0 ml/min, RI detector
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0.28 3
3 Fr-3 of S. atropurpurea
0.20 3 aviculin 12) quercitrin (9)
o018 E icariside B (1k
3§ theobromine(7) . caffeine (8) rutin (10
0. 10 -3 cas
3 N EC 14 ECG (l
0-08 —: \ MUL Y L -
0. 00 = v T » R
1ll1*[‘_rl||||||||g‘;l'|||l]l]'lvl\ll|r‘l|:||]llll|1r'(*lpr1rr'|
o 8 1 10 15, : 20 , 23 30 1 a8 40 48 50
o R |
-3 H B I
0. 28 3 ' EGC (18) E | . .
3 ' | ; Fr-111 of T. sinensis
0. 20 ' ' .
3 ? : :
- [}
0.15 3 | i !
-3 X ! 1
3 - |
0.10 : : 1
3 Gean ! X
"o ' D\LJ k AN ,\J\ JLJ\/\—\_,J‘-\_.,\_‘_‘_,
3 1
0.00 _-_:_,M__.,__,A,A._/J\J
lllil\'1ll[llFll-llll|llIJ]II!T]‘((F‘T]!II)]Illl[l’ll'
[¢] 5 10 15 20 25 30 35 40 45 50

time (min)

Fig. 8: HPLC Chromatograms of Fr-3 (S. atropurpurea) and Fr-111 (7' sinensis)
HPLC conditions: CAPCELL PAK C18 UG120 250 x 4.6 mm,40°C, 20 mM KH,PO4-CH;CN
(gradient: 0 min, 5% CH;CN — 50 min, 25% CH;CN), 210 nm.

C: (+)-catechin, EC: (-)-epicatechin, ECG: (-)-epicatechin-3-O-gallate, EGCG: ()-eplgallocatechm 3-0—gallate,
GC: (-)-gallocatechin, EGC: (-)-epigallocatechin

B, TITHRCHBELZ2EO T SNCE (+)-gallocatechin (17) KRU(-)-

epigallocatechin (18) D{LZEMIEI. T S OYME(LZNT — 5 2 CHE & Bk U THEXEE
EROTHEALZ.

Fig. 7 kU Fig. 8 12, Scurrula atropurpurea H3® Fr-2 & Thea sinensis i3k ® Fr-11 &
CENFNOFr-3 RUFr-IIOHPLC 70 bS5 A%ERL Tz,

FNs O NS ADREMN S, Scurrula atropurpureal®isy TH 5 2BO=BEE%4H
9 5C,, BB [octadeca-8,10-diynoic acid (4), octadeca-8,10,12-triynoic acid (6)] 2% Thea
sinensis ® Fr-ll IZIZBREETNT. £z, (D-octadec-12-ene-8,10-diynoic acid (5) %, Wil
MOKBERST TH DI EBHALNITIRD T2, Kz, ene-diyne BiEZ2H T 5 C i, lEiE [(2)-
octadec-12-ene-8,10-diynoic acid ()] i&. TN X T Thea sinensisfisr & L THREIN TS
59, INBHOTORTH 5.

—7%. Fr-3 RO Fr-TII O HBIZB W T, quercitrin (9), rutin (10), icariside B, (1 1)K
aviculin (12) 13, Scurrula atropurpureal’ HEHNZE EN DT TH V. E /=, gallocatechin
(17) R U epigallocatechin (18) i&, Thea sinensis IZFFBHICEENDTH D Z EHHEAL
2o
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1— 5. Scurrula atropurpurea 88 B 5 OEMIRMEEEE | : )

Scurrula atropurpurea )xU* Thea sinensis/» 5 BBEL =5t 1 8EDILEMITONVWTS v b
MK PERIRE O R B N OB BEEEES2. Theh 10ue/ml DBEETRIEL 7.

ZORER. SEO=ZEEE 2ET 5 2BOC, 5N’ [(D-octadec-1 2-ene—8,10-diynbic acid
(5, 89.8%H %), octadeca-8,10,1 2-tris;noic_ acid (6, 99 4%ME)] KU 5\ BB 3 fikik
BT O )V EINEE Uk 7 5\ [()epigallocatechin-3-O-gallate (16, 82.8%H#)] I280%
P E ¥R EE R0 Sz, ,

EDORDEH RS T S ()-epigallocatechin-3-O-gallate (16) ﬂféﬁﬂ)fﬁ%mﬂﬂgiﬁ HEE T2
R ERILAS 2 Tk o THRESNTRBH, S, C, EWHESEEEERT ik
FRHR TH B, KT Scurrula atropurpurea EH DD TH O, HhDOERFD—DTH 3
SEPO=FEHEEE2HET 5 C,, JENEE octadeca-8,10,12-triynoic acid (6) 45, 10ug/ml T (-)-
epigallocatechin-3-O-gallate (16) &A% ® U< 32U EOBRVEEEMZR L2 2 i3
D TRKENAREEZ TS, | -

E 51T, IEHEE Db G S EMASEEZEE & OMHBIBEFREERT 5 &, B O
MEED B85 I DN CRMBEEIEE O ERN LR TS 2 EAMHBI L,

Pk, R ¥ KU FRHEY Scurrula atropurpurea’’, 1 ¥ RXY 7. Vv TBOBE D v
TN TEOEEZHMELZREERE L THRS R TS R2EHEHILE U T, octadeca-8,10,12-
triynoic acid (6) %1% & T 5 =ZERA R HT B C,, IIFEIE (4, 5) H5300 LM RIS R L 7
HE2RTIEEZHONILE. 4O T 5N (18, 14, 15, 16) H Scurrula atropurpurea
CEHENTNDA, TOEH R C, BB HEL TEVSDTE S,

—7i. RDAK (Thea sinensis) DEH T DEMBHEEEEZ2ER TS L, TOFEME
#) Scurrula atropurpurea OS85+ Th b EMISR 15 A58 octadeca-8,10,12-
trivnoic acid (6) BRI Nigho 7= Z &, KU, (-epigallocatechin-3-O-gallate (16) 121X
KINDTINEHITHBRLU TCW BHREOSHEEMENZ AL &,

ULDEEZZZGDES L. ROBRERSE L TOERAMEIL. ()-epigallocatechin-3-O-
gallate (16) ZEADETDH I INET, —FH. BROKRICFET SV RUFRHEY Scurrula
atropurpurea®¥E DE#E = BRI U 7z REIEIE DO IE AMEIX. octadeca-8,10,12-triynoic acid
6) KRESINZ=FEHEEETICIENBETH D LRI N,
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Table 1. Isolated Yields and Inhibitory Activities on Cancer Cell Invasion of
Chemical Constituents Isolated from S. atropurpurea and T. sinensis

o Isolated yield (%)® N .
Compounds solated yield (%) Inhibitory activity®
S. atropurpurea  T. sinensis (%)
Fatty acids v |
(2)-9-octadecenoic acid 1) 0.0171 0.0004 13.0
(Z,2)-octadeca-9,12-dienoic acid (2) 0.0041 0.0011 15.7
(ZZ,Z)-octadeca-9,12,15-trienoic acid (3)  0.0063 0.0010 19.3
~ octadeca-8,10-diynoic acid (4) 0.0042 L)) 61.1
(Z)-octadec-12-ene-8,10-diynoic acid (5)  0.0082 0.0030 89.8
octadeca-8,10,12-triynoic acid (6) 0.0170 . --0) 9.4
Xanthines
theobromine (7) 0.0006 0.0090 " no activity
caffeine (8) 0.0103 0.0180 no activity
Flavonol glycosides
quercitrin (9) 0.0202 - ) no activity
rutin (10) . 0.0051 --- ¢) no activity
Monoterpene glucoside '
icariside B2 (11) 00051 -9 194
Lignan glycoside
aviculin (12) 0.0048 — ¢) 202
Flavanes
(+)-catechin (13) 0.0106 0.0001 34.0
(-)-epicatechin (14) 0.0001 00200 203
(-)-epicatechin-3-O-gallate (15) 0.0006 0.1606 59.9
(-)-epigallocatechin-3-O-gallate (16) 0.0016 0.6380 82.8
(+)-gallocatechin (17) - ©) - 0.0004 242
(-)-epigallocatechin (18) -——-©) 0.0017 27.8

a) yield from the dried plant.  b) inhibitory rate at 10 pug/ml. ¢) not determined.

._23_



2. ZEE/EFRTSC IEROEHRRMEEEM

KOKICHFET 2V B XREY Scurrula atropurpurea DEERD TH 5. ZERkEE2E
T 5C JeEE MR EEEEZ R CE2HAOHII LI &0 REHORIRD=E
HEEHTIRPROEBERCHAKERFE, UTOERET .

F9°, 4 EOMFSHEE (myristic acid (C,,), palmitic acid (C,,), stearic acid (C,,), eicosanoic
acid (C,)] IZDWT, ZN 5 OEHIMREEEFEZAEL 2. TOKER. 10ug/mIBEIC
BWT, palmitic acid (C,q 46.8% FHE) 4%, 1D myristic acid (Crs 31.5% FHEE), stearic
acid (C,q, 29.5% FHZ). KU eicosanoic acid (Cy,, 20.5% BHE) &L Tk D RWHEEEH
RS EAVHBAL /=,

% Z°T. ¥ RYFFHEY Scurrula atropurpurea DERBF DHF T, RbHEEEEAED
7= octadeca-&l 0,12-triynoic acid (6) DIbFH#EEHIC, ZEKEEHF T 58D C ek
[hexadec-8-ynoic acid (19), hexadec-10-ynoic acid (20), hexadeca-8,10-diynoic acid (21),
hexadeca-6,8,10-trivnoic acid (22), hexadeca-8,10,12-triynoic acid (23)] O &R Z2EE L
2o

S5EDC, g (19, 20, 21, 22, 23) D5 5, hexadec-8-ynoic acid (19) i3, BEiZLevine
5 23§z & - T 7-bromoheptanoic acid & 1-nonyne ED 7 F I LEBRKIGE L TERE R
TWw3%, FE7%&. hexadec-10-ynoic acid (20) IZDWT®H, Arsequell 529X D ¥ru
TONCRERBOSRTEEE L THRESIN TS, X 512 hexadeca-8,10-diynoic acid
(21) IZDWWT®H, Gunstone 5 2931 1-bromohept-1-yne & 8-nonynoic acid D w7V >
TRIEZFAWTEIZERL TWS, LHLEAS, hexadeca-6,8,10-trinoic acid (22) kU
hexadeca-8,10,12-triynoic acid (23) it. WEFNBFHULAWTH D TN S OEHRBITEN.

FIT, BEBEARBERIEDE TEERAE2E T 5C,BREOSRE. UTORKIC
o7, |
Hexadec-8-ynoic acid (19)

2% 80 nBuLi T/ L /= propargyl alcohol (24) %, 1-bromohexane (25) &J1v 7Y
> UZ=#%. potassium 3—an11ﬁopropylarrﬁde (KAPAY® 2 N T=ZE#H B2 RMTHE T Snon-
8-ynol (26)™ % 80% DI TA7=. KiC. 26 %. l-bromoheptane (27) EMA L2 O
LERER(E?® LT, 8fLIC=ZE#HE2ET S C; IENEL hexadec-8-ynoic acid (19) % 26 5
61% DINETH,

Hexadec-10-ynoic acid (20)

1908 E EFERIC. 28D nBuLi TR L 7z propargyl alcohol (24) % 1-bromooctane
(28) LHERE. KAPA 2HWT=EHAZRHKICA T 510-undecynol (29)*” %78% DILE
Tz, KiZ. 29 %, 1-bromopentane (30) &by 7 7 Liz#kr O ABRLL T, 10441
=EHEEHT D C, i hexadec-10-ynoic acid (20) #2915 62% DINERTERL 1=,
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Hexadeca-8,10-diynoic acid (21)

Heptyne (31) 23 7 #{t L T 1-iodoheptyne (32) ~E\ /-4, pyrrolidine §1 Cul %{E F 22
T hexadec-8-ynoic acid (19) DERFMEAETH S 26 Ly 7T > F L, BIEEE /0L
BILdT5ZEiCED, HRLUE2BO=FHE%2F T 2 hexadeca-8,10-diynoic acid (21) %
3105 57% DNETRH/E,

Di D OHCH)B N, i M A
H==-CH,0H + CHy(CH,)sBr _)_'-> H-=(CHgHOH 5= A > 3 COOH
24 25 i 26 )i hexadec-8-ynoic acid (19)
80% 61%
_ Di _ 1) CH;(CH,)4Br (30), i W\W
H==—CH,0H + CHy(CH,);Br ——» H-==-(CHp)gOH —— > COOH
24 28 u 29 2)iii hexadec-10-ynoic acid (20)

78% 62%

i 1) 26,v N\
CH3(CHp)s—=—H ——— CH3(CHp)s—=—1 ——)——3——-» \/\/\/\/\/\

2)iii COOH
3 32 57% from 31 hexadeca-8,10-diynoic acid (21)

i: n-BuLi; ii: KNH(CH,);NHj; iii: CrO3, H;SOy; iv: n-Buli, Ip; v: Cul, pyrrolidine

Chart 1
Hexadeca-6,8,10-triynoic acid (22)

Propargyl alcohol (24) % 2 % E® n-BuLi T, 1-bromobutane (33) &51» 7Y >
7 U, RO TKAPALE U THIRICZERE 249 2 6-heptynol (34)2™3 % 78% DINE TH
2o RiIZ. 34 %I UFHILL z#. 3-methyl-1-pentyn-3-ol (85) L& L T85% DINET 36
EB7. BHKIC. 36 O NaOH ML T/ 55 nona-6,8-diynol (37)% %, 32 &5 v 7Y
DU, JOLBBETSIEIRKD 6,8, 104 3EDO=EHE 2H T 5 hexadeca-6,8,10-
triynoic acid (22) 2 &8KY % Z &Rz,

Hexadeca-8,10,12-triynoic acid (23)

Ak @ hexadec-8-ynoic acid (19) OEERH MK TH % non-8-ynol (26) % 3 U H/k.
pyrrolidine #1C Cul #7E F 3-methyl-1-pentyn-3-ol (35)& 7 71 > %" L T dialkyne (38)
Zf%7-. 38 %, NaOHHFH T xylene P THMBRFUEL /=%, 35 L OMWS L, 5l&kEr 0
LEERIE LT, 6,8, 10X SED=E# A %E2HA I 5C,J5lf hexadeca-8,10,12-triynoic acid
(23) ITHEEL 1.
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1)i e ’
H—==—CH,0H + CH3(CH,)sBr )—> H—(CHz)soHl)‘—> Csz-é:—ﬁ(CHz)sOH
~3

2)ii 2)3s :
: 36
24 33 78% 34 85%
. A\
vi o 1) 32,v Q
——» H—==—=—(CHyp)sOH —2)—> A N
83% 3 ) i COOH

66% hexadeca-6,8,10-triynoic acid (22)

H—==(CHz)};OH ———— C2H5—|ﬁ(CH2)7OH — H =—(CH,);OH
26 2)35,v 18 84% 39
86%
N OH
1)CH3(CHa)o-=—1 (40), v X i
- N . 35: H—=-C-C;H;

2) iii COOH i

66% hexadeca-8,10,12-triynoic acid (23) CHs

it n-BuLi; ii: KNH(CH,);NH,; iii: CrOs, H,SOy; iv:‘n-BuLi,Iz; v: Cul, pyrrolidine; .vi: NaOH

Chart 2

ZITHRRUEZERKEEHET S 5D C,o EIGEE (19, 20, 21, 22, 23) KO 1 EO _HEfE
A &ET 5O palmitoleic acid [(2)-hexadec-9-enoic acid 112D T, 10ug/mlEE THE
MRS E ZEME 2 B U /-, F Of5 R, palmitoleic acid DiEMHEREL. C,fafnli palmitic
acid LIFFFABET, —ERSRENRECHREZEZEARVWI LML . ZEH#EG
A9 35580 C,IBIHEE (19, 20, 21, 22, 23) 13, TOEHRABEREN S, B 3D C, i
DHFE LFEKIC. 3T LEOREMEAEINT 212> THEFEEN LR T2 Z &AL 72,
iz, 3WO=EMAS EHT % hexadeca-6,8,10-trivnoic acid (22) & hexadeca-8,10,12-
trivnoic acid (23) V&, Scurrula atropurpurea i 5 BB U 7= C,; gl octadeca-8,10,12-
triynoic acid (6) &[E#&D 95% LA ED#EWHEEMB S, TN SEREEIR. ChETH
N EMREEEEEEZ2RT I ETHSNTWNS 7 5\ () epigallocatechin-3-O-gallate
(16, 82.8% [HE) 2HE< DD TH o,
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Table 2. Cancer Cell Invasion Inhibitory Effects of C;s-Fatty Acid Derivatives

' ‘ ~ Concentration Inhibitory activity
Compounds (ug/ml) %)
SAANNANCOOH
palmitic acid 10 46.8
NAASAAACOOH
palmitoleic acid » 10 i 49.7
W\/\/\/\/\ .
. _~ COooH 10 82.4
" hexadec-8-ynoic acid (19) . . o
V\/\/\/\/\/‘
COCH 10 772

Hexadec-10-ynoic acid (20)

h COOH 10 85.6

hexa&eca-s,lo-diynoic acid (21)

V\\/ 10 957
SNArcoon 5 85.4

hexadeca-6,8,10-triynoic acid (22)

N
N
AN COOH 5 90.

hexadeca-8,10,12-triynoic acid (23) 2.5 60.5

N " %04
N - .

N COOH > 22

octadeca-8,10,12-triynoic acid (6) 2.5 - 456

10 - 8238

(-)-epigallocatechin-3-O-gallate (16) 5 59.7

' 25 40.1

Kiz. 10 ug/mIBETI0% Bl EOEEEZR LU/, 20 C,q IEH5E: hexadeca- 6,8,10-
trivnoic acid (22) K *hexadeca-8,10,12-triynoic acid (23). Scurrula atropurpurea i3k
) Cls fEMi® octadeca-8,10,12-triynoic acid (6) KT (-)-epigallocatechin-3-O-gallate (16)
OWT, Sug/mIKk 25,g/mDBETOEEEEZRARZEZS, WThOBEIIBWN
TH=EHAZET D 3D (6, 22, 23) 13, (-epigallocatechin-3-O-galllate (16) Itk
BLUTKDBWHEEEEZ RS I AL =, o ‘
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BEHLYIC : :

£ 2 K337 TREMICEORBICH N 5N T BKOK (Thea sinensis) K HF4ET 51 K
V¥ RHEY Scurrula atropurpurea (BL.) DANS. D{LERAFEZITWV. Gl 6 BOSHEKRD %
BBy s & Lbic, SERAEETS C s IERA® octadeca-8,10,12-triynoic acid M, WIIE
a2 EEEEEERT I L2HLNI L, 51T, octadeca-8,10,1 2-tfiynoic acid D%
WEE R, SEREEET S 5MOC,EIROARETN. ZORE bR ZHO=ERK
& %49 % hexadeca-6,8,10-triynoic acid & U hexadeca-8,10,12-triynoic acid IRV
JEBR M EREEND D Z EATHBAL 7=,

DEQHIRMS, 4> K27 TREAMKEOBRBCHNSN TN Y KU XHHN
Scurrula atropurpurea (BL) DANS. DIEHEAKYE & RIFEICHEE S 5 T LSk,

£, BHMBREEER 2 EE 50 T HHBAOMBARER SN TN, T 1
U ¥ RH#ESY Scurrula atropurpurea DEHRS THD SEO=ZBEEEH T C,, Iglik
octadeca-8,10,12-triynoic acid (6). RUSEEHK L - 3EO=EREE2H T 5C, el (22,
23) 13, NS OLFEEENBD T TN THBHITHHST, BASEMBEEEEFERZ
R ZEBHSHIIRD, SBROFRIBRAFAREORD S —X &L THFENAFZNS.

Bt
MR EAREICET 2EERRICCH AW EEWERRIFRARE >4 — - MHETEL
ICEHN-LET,
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